Introduction
Disclosure of HIV status has been considered as an important component in HIV prevention and treatment due to its complex relationship with secondary prevention, healthcare access, treatment adherence, psychosocial adjustment, and family function [1] . However, disclosing HIV status to family members, particularly to children, is still a big challenge for people living with HIV (PLHIV) [2] . An increasing number of empirical studies have focused on parental HIV disclosure (i.e. parents tell their HIV status to their infected or uninfected children), with respect to reasons for disclosure/nondisclosure, patterns of disclosure, and consequences resulted from disclosure [3] . Increasing interventions to encourage culturally and developmentally appropriate parental disclosure have recently grown in resource-limited settings, including China [4] . However, there is still a theoretical gap in understanding the dynamics of the decision-making regarding parental HIV disclosure [3, 5] .
Existing theoretical models on HIV disclosure have posited that the decision-making of HIV disclosure is a process of assessing and calculating perceived benefits and risks related to the disclosure [6] . Parents intend to tell their HIV status to children when they feel the benefits of disclosure outweigh potential risks for their children, family, and/or themselves [5] . Perceived benefits include obtaining social support, emancipating stress caused by keeping secrets, and protecting children from HIV infection by teaching them HIV knowledge [2] . Common risks parents worry about are related to stigma and discrimination, secondary disclosure (children tell parental HIV status to others), and negative psychosocial impacts on children [3] . In addition to the rational calculation, some other individual characteristics such as knowledge of HIV, emotions, communication skills, and self-efficacy of performing a disclosure may also influence the decision-making of parental HIV disclosure [3] .
In addition to demonstrating the importance of perceived consequences of disclosure (individual-level factors), recent studies have called for a multidimensional perspective to explore HIV disclosure [1] . The practice of disclosure is not just a single individual event [7] , but is embedded in certain social relationships and a specific sociocultural context [8] . Hardon et al. [8] have argued that HIV disclosure occurred at the intersection of five social spaces: international norms, national legislation, and public health recommendations; household and family settings; couples' relationships; parental relationship; and relationship between health workers and PLHIV. Moses and Tomlinson [7] have pointed out that the meanings and behaviors related to disclosure are changeable along with the changes in the internal and interpersonal worlds of PLHIVover time. Existing studies on disclosure of sexually transmitted diseases (STDs) have shown that perceived risks regarding disclosure vary by cultural and social context [9] .
All these arguments suggest the application of a socioecological approach to incorporate broader social factors into the model of decision-making of parental HIV disclosure. Socio-ecological models recognize individuals in larger social systems and emphasize interactions between individuals and environment that underlie behaviors and health outcomes [10] . The socio-ecological approach for health promotion identifies factors at various key levels that interventions can target: intrapersonal, interpersonal, organizational, community, and public policy [11] . This approach also highlights that the factors at multiple levels are interactive and reinforcing [12] . The socio-ecological approach has been widely used in public health, especially in health-promotion fields such as smoking [13] , physical activity and nutrition [14] , and sexual activity [15] .
In the present study, we adapted an ecological model of sexual health disclosure [9] to conceptualize the parental HIV disclosure. As depicted in Fig. 1 , the decisionmaking of parental HIV disclosure is nested within multiple levels of influences (intrapersonal, interpersonal, and sociocultural levels). At intrapersonal level, background characteristics (demographic and HIV-related characteristics) and other individual factors (emotions and psychosocial characteristics) affect disclosure decision. The intrapersonal factors are situated within a relationship context (family relationship and parent-child relationship), and the relationship is, in turn, shaped by sociocultural environment (e.g. HIV-related stigma). Thus, factors at interpersonal and sociocultural levels also influence the dynamics of disclosure decisionmaking.
Utilizing data from China, the current study aims to provide support for this ecological model of parental HIV disclosure through identifying facilitators and barriers to decision-making regarding parental HIV disclosure or nondisclosure at intrapersonal, interpersonal, and sociocultural levels; and examining the unique contribution of factors at different level of influences to the decision of disclosure or nondisclosure.
Methods
Study site and participants Data used in the current study were derived from a crosssectional survey, which was conducted from October 2012 to August 2013, in the Guangxi Autonomous Region (Guangxi) of China. Guangxi has been experiencing the fastest growth of the HIV epidemic and is ranked second among Chinese provinces in terms of HIV-seropositive cases [16] . Heterosexual transmission has become the dominate transmission route in Guangxi [16] . With the assistance and collaboration of the Guangxi Center for Disease Prevention and Control (CDC), we ranked all 17 cities and 75 rural counties in Guangxi in terms of cumulated number of reported HIV and AIDS cases, and selected the top 12 sites (2 cities and 10 counties) with the largest cumulated number. In all, 29 606 persons with HIV/AIDS (i.e. 43% of all the reported cases in Guangxi by 2011) were selected as the sampling frame. The project coordinator at each site was instructed to randomly recruit 10% of the total number of infected persons to participate in the survey.
People selected in the sampling frame were invited to participate in the study by the staff from the local CDC along with the healthcare workers from health centers in town (in certain counties) or community health service centers (in cities). Outreach workers made at least three attempts (including telephone contact and/or house visitation) within 2 months to contact a potential participant. About 90% of those contacted agreed to participate in the survey. The main reasons for refusing participation included migration outside of the province and transportation problems. We finally recruited 3002 HIV patients to participate in the survey and 2987 of them completed the survey. As the main focus of the current study was on parental HIV disclosure, a sample of 1254 participants who had children aged 5-16 years was included in the data analysis.
Survey procedure
Participants completed an assessment inventory including demographic characteristics and HIV-related measures, HIV disclosure, mental health, and interpersonal relationship. The survey was conducted in offices of local CDC or HIV clinics where the participants received their medical care. About 20% of the participants completed the questionnaire on their own. For the rest of the sample, the interviewers read the items to the participants and recorded the response on the questionnaire. The interviewers were local CDC staff or healthcare workers in the HIV clinics who had received intensive training on research ethics and interview skills with PLHIV prior to the field data collection. The most recent CD4 þ cell counts, if available, were taken from participants' medical records with appropriate consent. The survey protocol including consenting process was approved by the Institutional Review Boards at the Wayne State University in the United States and Guangxi CDC in China.
Measures

Background characteristics
Participants were asked about individual and family characteristics including gender, age, ethnicity, religion, marital status, place of original residence, education attainment, work status, number of people in the family, number of children, and monthly household income. Participants were also asked to provide HIV-related information, including duration since their HIV diagnosis, whether or not they received antiretroviral therapy (ART), and HIV infections among other family members and current sexual partners. For data analysis in the current study, we dichotomized ethnicity into Han and non-Han, work status into work (full time or part-time) and not work.
Parental HIV disclosure decision Two variables (decision to disclose HIV status to children and decision to conceal it from children) were employed to assess the participants' plans or intention to disclose or not to disclose their HIV infections to their children. For the decision to disclose, the participants were asked to check all individuals 'To whom have you planned to tell about your HIV status?' A positive response to 'children under the age of 18' was viewed as making a decision to disclose to children. In a similar way, the participants were also asked to check all individuals 'To whom will you never tell about your HIV status?' Selecting the response 'children under the age of 18' was viewed as making a decision not to disclose to children.
Other measures
In the survey, we also asked the participants to report their emotions (fears) related to general HIV disclosure (to disclose HIV-positive status to others including partners, family, friends, community members, and children) and parental HIV disclosure (to disclose HIV-positive status to children). To assess the fears associated with the general HIV disclosure, the participants were asked how much they agreed with the descriptions of a number of possible feelings in relation to HIV disclosure. These feelings include 'fear of being stigmatized', 'fear of being rejected', 'fear of violence harms', 'fear of blame', and 'fear of gossips'. Potential answers to these questions were 4-point responses ('don't agree at all' ¼ 0, 'don't agree' ¼ 1, 'agree' ¼ 2, and 'agree a lot' ¼ 3). Similarly, the fears related to parental HIV disclosure were measured by four items with the same 4-point responses. These feelings associated with parental HIV disclosure include 'fear of facing my children's reactions to parental disclosure', 'fear of children's rejection after knowing my HIV status', 'fear of losing children's respect', and 'fear of children's telling my HIV status to others'. The responses to items related to each type of disclosure were summed to create a composite score, with a higher score indicating a higher level of psychological fears associated with each type of disclosure. The Cronback's a was 0.83 for the fear of general HIV disclosure and 0.89 for the fear of parental HIV disclosure among the sample. Several other psychosocial scales were modified and utilized in the survey, including stress, depression, positive coping to HIV infection, resilience, family relationship, parent-child relationship, social support, and stigma. A brief description of measures for these scales is presented by Table 1 .
Data analysis
First, for each disclosure decision variable (disclose or conceal), we examined the relationships between factor variables (background characteristics, factors at intrapersonal, interpersonal, and sociocultural levels) and disclosure decision. We employed one-way analysis of variance (ANOVA) (for continuous measures) and chisquare test (for categorical measures) to compare the differences between relevant decision-related groups in terms of factor variables.
Second, for each disclosure decision variable (dependent variable), we constructed four logistic regression models by hierarchically entering background-characteristic variables (model 1), intrapersonal-level variables (model 2), interpersonal-level variables (model 3), and sociocultural-level variables (model 4). Model 1 contained a block of background-characteristic variables including gender, age, marital status, education attainment, and duration since HIV diagnosis. All the independent variables selected into the rest blocks were associated with the dependent variable (disclosure decision variable) at P value less than 0.2 in bivariate analysis. Once the independent variables were entered into a model, they were retained in the above models, even though they might no longer be significantly associated with the dependent variable as new models were developed. All statistical analyses were performed using SPSS 16.0 (SPSS Inc, Chicago, Illinois, USA).
Results
Background characteristics
The background characteristics for the whole sample and by different decision-related groups are presented in Table 2 . About 59% of the parents were men. The average age of the parents was 38.90 years (SD ¼ 8.33). Nearly 72% of the participants were of Han ethnicity, less than 7% reported any religion affiliation, and 78% were currently married. The mean education attainment was 7 years (SD ¼ 2.70). The majority (87%) of the parents lived in the rural areas, and 22% reported that they did not work. There were on average 4.15 members in each family (SD ¼ 2.08) including 1.92 children (SD ¼ 0.99). Almost 56% of the parents reported that their monthly household income was less than 1000 yuan (approximately 160 US dollars in 2012). Over 76% of the participants had received ART. The average duration since their HIV diagnosis was 44 months (SD ¼ 29.90). According to the available medical records, 34% of the parents' most recent CD4 þ cell counts were lower than 250. In addition, 48% of the parents reported that at least one of their family members was also infected by HIV, and 58% reported that their current sexual partners were infected by HIV.
Generally, most of background characteristics were similar between the decision-related groups with only a few exceptions. Compared to the parents who had not planned to disclose HIV status to children, a higher proportion of the parents who had decided to do so were of non-Han ethnicity (42 vs. 27%) and were currently unmarried (41 vs. 20%). Compared to the parents who had not planned to conceal HIV status from children, a higher proportion of the parents who had decided to do so were men (62 vs.54%), had no religion (6 vs. 10%), were currently married (82 vs. 76%), and reported not working (21 vs. 17%). In addition, the parents who decided to conceal had a shorter duration since HIV diagnosis (43.68 vs. 49.40).
Intrapersonal, interpersonal, and sociocultural difference across decision-related groups As shown in Table 3 , participants differed on a number of factors at intrapersonal, interpersonal, and sociocultural levels by relevant decisions. Specifically, parents who decided to disclose their HIV status to children reported a higher level of positive coping, and a lower level of fears of parental HIV disclosure than those deciding not to do so. At interpersonal level, they also reported stronger parentchild relationship. Stigma was negatively related to the decision of disclosing HIV status to children, but the association did not reach the statistical significance (P ¼ 0.05).
Parents who decided to conceal the HIV status from their children showed a lower level of stress and depression, more fears of disclosure (both general and parental disclosure), as well as higher level of resilience, compared to those decided not to do so. Decision to conceal HIV infection from children was associated with weaker parent-child relationship, and higher level of stigma.
Multivariate analysis
Results for hierarchical regression analyses of decision to disclose HIV status to children and decision to conceal HIV status from children were summarized in Tables 4  and 5 , respectively. For each model, we presented adjusted odds ratio (OR) and 95% confidence intervals (CIs) of each single independent variable. In addition, we presented the R 2 of each model, as well as R
-change (DR
2 ) for the inclusion of each block of variables to assess the level-specific influence on relevant disclosure decisions.
Factors associated with decision to disclose As shown in Table 4 , background characteristics explained 5% of the variance in the decision to disclose HIV status to children (model 1a). Only marital status was significantly associated with decision to perform parental HIV disclosure [adjusted OR (aOR) 0.31, 95% CI 0.17, 0.56], with currently married parents being less likely to decide to tell their HIV infection to their children. Intrapersonal-level factors accounted for about additional 9% of the variance in the dependent variable (model 2a). Specifically, the higher the score of positive coping with HIV infection the parents reported, the more likely they decided to tell their HIV status to children (aOR 2.32, 95% CI 1.34, 4.00). In addition, fear of parental HIV disclosure was negatively associated with decision to disclose to children (aOR 0.33, 95% CI 0.18, 0.58). About 5% of variance in the dependent variable could be explained by the factors at interpersonal level (model 3a). A better parent-child relationship was proved as a facilitator to HIV parental disclosure (aOR 5.66, 95% CI 2.45, 13.04). Stigma, as a sociocultural factor, contributed to explaining about 1% of the variance (model 4a), although its negative association with decision to disclose to children did not reach statistical significance.
Factors associated with decision to conceal As shown in Table 5 , background characteristics explained 5% of the variance in the dependent variable (model 1b). Currently married parents were more likely S30 AIDS 2015, Vol 29 (Suppl 1) Table 3 . Comparison of intrapersonal, interpersonal, and sociocultural factors by HIV disclosure decisions.
Whole sample Decision to disclose HIV status to children Table 4 . Multivariate logistic regression of factors (odds ratios and 95% confidence interval) on decision to disclose HIV status to children. 
Discussion
The current study identified different factors influencing the two decision variables (disclose and conceal). Parents' marital status, positive coping with HIV infection, and fear of parental HIV disclosure were associated with their decision of disclosing HIV status to children, whereas parents' religion, marital status, duration of HIV infection, resilience, and fear of parental HIV disclosure were related with their decision of concealing their HIV infection from children. In addition, the current study recognized specific contribution of multiple ecological levels to parental decisions regarding disclosure to children controlling basic background characteristics. In summary, positive coping with HIV infection and a good parent-child relationship facilitated parental HIV disclosure; whereas high level of resilience and fears of parental HIV disclosure impeded their decisions to talk about HIV status to their children. The findings demonstrated the complexity of the decision-making process of parental HIV disclosure, as well as supported the ecological approach with an emphasis on interpersonal-level and sociocultural-level factors.
Generally speaking, the effects of intrapersonal-level factors on parental decision regarding HIV disclosure were consistent with the existing literature. However, stress and depression were not found to be significantly related to decision of disclosing to children. One possible interpretation is the complicated role of stress and depression. On one hand, stress and depression caused by concealing secrets in front of children may facilitate decision to disclose HIV status to children to get some relief [27] ; on the other hand, the stress and depression may reduce their self-efficacy of planning and performing a disclosure [28] , and thus these psychological situations may become barriers to disclose intention. These two directions opposed to each other, resulting in no significant association of disclosure decision with stress and depression. It is notable that high level of resilience was significantly associated with decision to conceal HIV infection from children. Resilience in dealing with HIV infection itself may not directly improve the motivation to tell HIV status to children. However, parents with high level of resilience may not have urgent demand of social support from their children and they may develop confidence of dealing with disease by their own or keeping HIV status as a secret in front of their children. The relationships between resilience, motivation to disclose, and decision-making need to be further explored.
Fears of parental HIV disclosure played a prominent role in the decision-making process. This finding indicated that emotions and feelings, as irrational factors, may also influence the decision-making process (which is always viewed as reasoned behavior). We need to pay attention to parents' feelings during their decision-making, respect their fears, and provide necessary assistance to help them overcome their fears. Emotions may also influence the disclosure practice. A high proportion of unplanned disclosures occur under the circumstances when parents were not able to control their emotions [3] . Emotion control and management may be a helpful component in parental HIV disclosure intervention.
The multivariate analysis results suggested that the interpersonal-level factors influenced the parental decision regarding HIV disclosure, almost in the same magnitude as the intrapersonal-level factors did. Particularly, the findings indicated that parent-child relationship is a key interpersonal factor. There could be many domains of parent-child relationship, and the current study focused on parent-child communication style. Parents who were able to openly communicate with children about important issues and parents' feelings were more likely to decide to disclose their HIV status to children. This finding could have important implications in disclosure interventions in rural China where parents may not develop an open communication style with their children, even though they may perceive a good quality of relation with their children [29] . Disclosure is also a type of communication [30] . A positive and open communication style between parents and children will facilitate not only a decision to tell children the parental HIV status but also an appropriate disclosure practice [31] [32] [33] [34] [35] .
Sociocultural-level factors may vary with specific social contexts. However, stigma related to HIV is a prominent and persistent cross-culturally relevant barrier to HIV disclosure [3] . Stigma renders communication regarding HIV potentially embarrassing and negative [36] . In addition, the negative consequences of disclosure due to stigma increase the uncertainty and vulnerability of the communication [9] . Consistent with the existing literature, stigma was confirmed to be a big barrier to parental HIV disclosure among our sample. Further studies need to explore the interactions between stigma and factors at other levels.
The current study was subject to several limitations: First, due to the scope of the study design, we did not include several important factors in our conceptual model, for example, the relationship between parents and healthcare workers (interpersonal level), social norms about parental HIV disclosure, and policy and regulations regarding HIV disclosure (sociocultural level). Second, there was only a single factor variable (stigma) at the sociocultural level in the data analysis, which might result in a small contribution of sociocultural-level factors to the disclosure decision. Third, on the basis of the crosssectional data, we were not able to examine the causal relationship between the factor variables and the parental decisions regarding HIV disclosure. Forth, the majority of sample was recruited from the rural areas in China. The findings therefore need to be validated among parents living with HIV in other regions or countries.
Despite these limitations, this study provided empirical evidence to support socio-ecological model as a promising theoretical framework to guide further studies and interventions related to parental HIV disclosure. Guided by the socio-ecological model, advanced analytic approaches (e.g. mediation analysis) can be used to investigate mechanism through which factors at different levels influence the parental decisions on disclosure. We also need to collect longitudinal data to perform causal analysis, thus exploring the complexity and fluidity of parental HIV disclosure. Parental HIV disclosure may be affected by background characteristics, as well as physical and psychosocial well beings of their children. Studies based on parent-child dyads will be important to elaborate how variables related to children interplay with decision and practice of parental HIV disclosure. In addition, the research and practice on parental HIV disclosure could be informed by other relevant theories from the fields of communication, resilience, and child development.
